The study area is a two-degree map sheet (71°-73° E, 39° 40 f -40° 40' N) in Soviet Central Asia (fig. 1) ; it includes the southern part of the Fergana Valley and the northern part of the Alay Mountains, which border the Valley on the south ( fig. 2 ). This area was chosen for study because various kinds of uranium deposits may be present here. Uranium was once mined in the area at the famous Tyuya-Muyun deposit and is possibly being recovered today at one or more localities.
Geography
The Fergana Valley is at the western end of the Tien Shan mountain system. The Valley floor slopes from an elevation of 1,000 m (3,300 ft) on the east to 320 m (1,050 ft) on the west. The Valley is about 300 km (200 mi) long and 175 km (110 mi) wide; its area is 22,000 sq km (8,500 sq mi). The Valley is largely in the Uzbek Republic and partly in the Kirghiz and Tadzhik Republics. The political boundaries here are very complicated, having been drawn on the basis of the predominant population groups. The mountains on the northwest of the Valley are the Karamazars, and those to the south are the Turkestan and Alay Ranges (figs. 2 and 19). These mountains are elongate parallel to the trend of the Paleozoic rocks that compose them. The Valley is bounded on the northeast by the Fergana Range, which is transverse to the trend of the Paleozoics. Elevations in the Alay Mountains reach 5,000 m (16,500 ft). The Valley is open on the west where it is drained by the Syr Darya River, which flows thence northwestward to the Aral Sea.
The climate of the region is continental arid. Winters are mild, and summers are hot. Fergana Valley has been a major economic center since ancient times. Abundant water from perennially snow-capped mountains has supported extensive agriculture, including cotton, rice, fruit, and grapes. Copper and iron were mined a thousand years ago, and resources recovered in modern times include gypsum, coal, oil, ozocerite, copper, mercury, antimony, radium, and uranium. The Valley is densely populated, equalling that of Belgium with its 322 people per square kilometer.
Purpose of the Study
Interdependence is a pervasive characteristic of the modern industrialized world. National economies are interdependent to the extent that they are in large part components of the interacting world economy. Energy resources are mutually interdependent. For example, changes in oil supply and price affect the cost and consequently the supply of coal or uranium. And once an energy resource becomes part of the world economy, it affects all national economies that are components of the world system. Uranium as an energy resource is a very important component of this world economic system, and its resource potential must be understood clearly.
The U.S.S.R. plans to generate 60 percent of its electricity from nuclear power by the year 2000 (Mathieson, 1980, p. 1) . This will change significantly their internal requirements for fossil fuels and consequently the availability The U.S.S.R. covers almost one-fifth of the land surface of the Earth and has extensive and varied types of uranium deposits. Before the Atomic Era (pre-1945) , descriptions of Soviet uranium deposits were not restricted, and many works were published. Works have continued to be published since 1945; however, these works seldom identify the locality of the deposit being described, and no estimate of the size and grade is given.
If the potential contribution of atomic energy to the U.S.S.R. and the world economy is to be evaluated reasonably, the potential uranium resource base within the U.S.S.R. must be estimated realistically. Such an evaluation must be based on probability models of uranium deposits derived from general areal geology and the detailed geology of unidentified deposits. For example, many of the unidentified deposits appear from general areal geology to be in intermontane basins of Central Asia. One such intermontane basin is in the Fergana Valley. This area was chosen for study of its uranium potential because it seemed likely to contain some of the unidentified deposits.
This study is based on information contained in published Soviet literature. There is great flexibility in composing the written descriptions, for after all the source information is from Russian language material and must be re-phrased in English. Illustrations, however, are a different matter. Data are not available for compiling original illustrations; consequently, one must use figures, diagrams, and tables from the Soviet publications. Such illustrations are not as abundant as are written descriptions, and they are not as easily combined and synthesized as are written ideas. Consequently, the illustrations of this report are of neither the quality nor consistency as would be expected if they had been compiled as part of a primary research project. Each illustration presented here, however, has an information content that warrants its inclusion.
PALEOGEOGRAPHY AND STRATIGRAPHY

Paleozoic
During the early Paleozoic, a miogeosyncline extended across southern Europe and Asia ( fig. 3 ). In the Fergana area, Cambrian sediments were deposited on Proterozoic platformal sediments (Azimov, and others, 1979, p. 35-41) . The Cambrian and overlying Ordovician consist of dark argillites that contain beds of siliceous shale, sandstone, and black limestone (Nalivkin, 1973, p. 570) . Thickness of the Cambrian-Ordovician is generally less than 500 m but is commonly not known because the base is not exposed. No volcanics are present (Porshnyakov, 1973, p. 110) .
During the Silurian, the geosynclinal sea narrowed, probably the result of Caledonian tectonism in areas to both north and south of the Fergana region, The Lower Silurian consists of thick shales and sandstones. These pass upward into thick, massive Upper Silurian Ludlovian limestones. Uranium-bearing Note: Paleomagnetic data suggest that the East Europeaii and Siberian platforms were widely separated from one another during Ordovician time. bituminous shales of Silurian age are widespread in the area of the Tyuya-Muyun deposit (Kirikov, 1929, p. 65) . Volcanics are present in the Silurian in the Kara-Chatyr area (Vongaz, 1958, p. 57) . Silurian sediments in the region are rarely more than 1,000 m thick.
The massive Ludlovian limestones pass upward into similar Lower and Middle Devonian limestones; these are 1,500-2,000 m thick and form entire mountains in the Alay Range. Bedded limestones up to more than 1,000 m in thickness represent the Upper Devonian and Lower Carboniferous. At places in the Alay Range, Lower Carboniferous Visean limestones rest on an erosional surface that truncates various horizons of the Devonian and Silurian (Vongaz, 1958, p. 56) .
The Middle Carboniferous sediments begin to show signs of the Hercynian orogeny. Shale, sandstone, and conglomerate predominate in the section; some limestone beds are present. Angular unconformities are present in the Middle Carboniferous at different stratigraphic positions in different parts of the Alay Mountains (Porshnyakov, 1973, p. 40) .
The Upper Carboniferous and Permian sections consist of clastic and volcanic rocks several thousand meters thick. Deposition within the geosyncline was interrupted during the Early Triassic by the late Hercynian orogeny.
Intrusive activity began with the emplacement of small bodies of basic composition during the Middle Carboniferous, contemporaneously with the early Hercynian folding. Large granitic plutons were intruded during Early and Late Permian time. Vongaz (1958, p. 49-60) divides the Paleozoics of the Alay Mountains into four subzones ( fig. 4) , each having distinctive facies characteristics. Table 1 lists lithologic characteristics and thicknesses of these zones.
Jurassic
Following the Hercynian orogeny in the Late Permian and Early Triassic, the region entered a platform tectonic stage. The Middle and Late Triassic epochs were a time of emergence and erosion. Subsidence of the area of the modern Fergana depression at the beginning of the Jurassic led to accumulation of alluvial, deltaic, lake, and swamp deposits. The Jurassic sediments crop out now along the margins of the depression but are at a depth of 7,000 m in the center of the depression. The area of the present Alay Mountains remained topographically high and received no sediment. 1-Zeravshan-Eastern Alay; 2-High Front Ranges; 3-Gul'cha; 4-Kara-Chatyr.
Boundaries of zones and subzones: 5-established, 6-assumed; 7-zone of external bend of Pamirs. 1) iharp angular unconformity; 2) considerable angular unconformity; 3) weak angular unconformity; 4) transgresslve overlap and eroeion but no angular unconformity; 6) type of contact unknown; 6) overlap conformity; T) maximum depth of erosion during the respective age and consequently the unit overlies the older beds.
(From Vongaz, 1958, p. 55-57 .)
The Upper Jurassic consists generally of redbeds and conglomerates, and subordinately of sandstone, siltstone, and clay. Coal is absent and plant remains are rare. Thickness ranges from 50 to 400 m (Verzilin and others, 1972, p. 267-276) .
Six sandstone horizons in the Middle and Upper Jurassic of the Fergana depression are oil-bearing (Semashev and Podgornov, 1979, p. 260) . These beds are not persistent areally.
The Jurassic section in figure 5 is from the Shurab area on the western border of the study area.
Cretaceous
The Cretaceous sediments, just as the Jurassic, crop out along the margins of the Fergana depression and are at a depth of more than 6,000 m in the central part of the depression. Some Cretaceous sediments are present in a group of depressions along the 40th parallel within the Paleozoic terrane of the Alay Mountains just south of the Fergana depression proper. Several formations are recognized in the Cretaceous here.
The redbed deposition of the Late Jurassic continued into the Early Cretaceous with deposition of the Muyan Formation (Neocomian-Aptian), which consists of conglomerate, sandstone, and clay. Total thickness ranges from 5 to 300 m (Khodzhayev and others, 1973, p. 14) .
Next upward in the section is the Lyakan Formation! of early Albian age. It consists of 30 to 80 m of gray and pink limestone. This is the lowest of three limestones in the Cretaceous of the Fergana depression (Babayev and Akramkhodzhayev, 1954, p. 109) .
The upper Albian is represented by the Kyzylpilyal Formation. These sediments are red sandstone and clay 5 to 400 m thick. The presence of palygorskite among the clay minerals of the Albian stage indicates an arid climate for the region and a high salinity for the basin. Some gypsum was deposited in the southern part of the depression (Verzijlin and others, 1973, p. 224) . | Overlying the Albian is the Cenomanian Kalachin Formation. This unit is largely conglomerate, and thickness ranges from 5 m in the western part of the depression to 480 m in the eastern.
The Ustritsa Formation of the lower Turonian is largely carbonate. The word "ustritsa" means oyster; these forms rarely predominate among the abundant fauna, however. Both limestone and dolomite are present. Thickness ranges from 30 to 40 m along the borders of the depression to 160 m in the interior.
The Yalovach Formation of upper Turonian-Senonian age consists almost entirely of variegated sands and clayey sandstones. Thickness ranges from 15 to 20 m on the borders of the depression to 250 m in the interior.
At the top of the Cretaceous section is the Senonian Pestrotevet (variegated) Formation, which consists of limestone, sandstone, and gypsiferous marl.
Clayey sandstones, sandstones, and siltstones.
Sandstones, clays, coals, and conglomerates . The Cretaceous section has little uranium potential except perhaps in association with oil pools. Nine oil-gas sandstone reservoirs are present in the Cretaceous section of the Fergana depression. Their reservoir properties become less favorable down dip toward the center of the depression due to shaling out (Khodzhayev and others, 1973, p. 28 ).
The generalized cross sections of figure 6 show lithology and facies changes across the Fergana depression in a north-south direction.
Paleogene
During the Paleogene, a sea covered the area of the present Fergana depression as part of an epicontinental sea that extended over Central Asia to the Caspian Sea and hence across Europe to the Atlantic Ocean (Gekker and others, 1962, p. 18 ). This sea also extended northeastward from the Aral Sea area to cover the West Siberian Lowland. The Alay Mountains were a land area, an island in this sea.
The section of 40 beds along the Isfara River ( fig. 7) on the western edge of the study area is typical for the entire study area and is used as reference in description of the formations (Gekker and others, 1962, p. 33-50) . Thicknesses for the Paleogene units are those for this Isfara section. All these units thicken toward the center of the depression, where their nature is unclear because of their great depth of burial; they have not been reached by the drill.
At the base of the Tertiary is a white gypsum unit (bed 1 in fig. 7 ) 26 to 30 m thick called the Goznau Gypsum. It is part of the Paleocene Bukhara stage, although it may include some Upper Cretaceous.
At the base of the Eocene is the Suzak stage (beds 2-10), which is divided into lower clastic (Szk^), middle carbonate and clastic-carbonate (Szk£), and upper gypsum-bearing (SzK3). The lower clastic unit consists from bottom to top of a gray clay and clayey siltstone bed 32 m thick, gray glauconitic sandstone 3 to 16 m thick, sandy siltstone 2.75 m thick, and dolomitic marl 2.5 m thick (beds 2-5 in fig. 7) . Thickness of the lower Suzak sediments is 52 to 53 m. The middle part of the Suzak consists of silty sandstone, dolomitic marl, crumbly dolomite, and white dolomite; thickness is 9 to 10 m (beds 6-9 in fig. 7 ). To the east of the Isfara section the dolomite beds become thicker and purer. In the upper part of the Suzak, anhydrite alternates with marl and shale; thickness is 30 m (bed 10 in fig 7) . The total thickness of the Suzak stage is 92 m.
The Alay stage of middle Eocene age is divided into two parts, a lower clayey (Al^) and an upper carbonate (A^). The lower part consists of clay, siltstone, silty marl, and dolomitic marl, which in places is phosphatic (beds 11-14 in fig. 7 ). Total thickness is 24 m. The upper part is composed of dense dolomite, dolomitic clay, and dolomitic marl (beds 15-19 in fig. 7 ). Its thickness is 23 to 25 m. Phosphate has been mined from the Alay at Isphara, where the phosphate bed is 0.55 m thick (Il'yashenko, 1967, p. 52) . These phosphates are possibly uranium-bearing. Natural gas has been produced from one horizon of the Alay. Figures. Lithofacies cross_sections.through Fergana depression for Upper Cretaceous (I) and Lower Cretaceous (II) sediments. 1-Conglomerate; 2-gravel; 3-sandstone; 4-clay; 5-gypsum; 6-carbonate rock; 7-palygorskite-bearing rock; 8-source area; 9-boundaries of formations and members (from Verzilin and others, 1973, p. 227) . See figure 9 for approximate location of these cross sections. (Vlasova, 1980, p. 109) . The lower part is olive green clay locally rich in oyster shells (beds 20-25 in fig. 7 ). Its thickness is 35 m. The middle part of the section is a bed of dolomitic marl, limestone, and gypsum about 4 m thick (bed 26 in fig. 7 ). The upper part is a greenish gray clay, which carries large carbonate concretions; this member is 13.5 m thick (bed 27 in fig. 7 ). Total thickness of the Turkestan stage is 52 m. The Turkestan stage is one of the main oil and gas targets in the Fergana depression (Makarova, 1980, p. 89) . Figure 8 illustrates the environment of deposition during early Turkestan time. The paleogeography depicted in this illustration persisted with no significant difference through middle Oligocene time. The island just southwest of Osh is underlain by the Paleozoics of the Karachatyr.
Next in the upper Eocene section of the Fergana depression is the Rishtan stage (Rst2), which consists of a lower sandy-carbonate part and an upper clayey part. The lower member begins with a sand and passes upward into sandy limestone and then into marl; its thickness is 9 m (beds 28-30 in fig. 7 ). The upper 28 meters of clay carries abundant oyster remains (beds 31 and 32 in fig. 7 ). Total thickness of the Rishtan stage is 37 m. This stage is commercially oil-gas bearing.
The Isphara stage (Isph) of late Eocene age is transitional into the Rishtan below and the Khanabad above. At the base of the Isphara is a 4-meter clay. This is overlain by 22 to 24 m of siliceous clay that is chiefly montmorillonite and contains radiolaria and diatoms (Bel'skaya, 1954, p. 64) . At the top of the stage is a clay bed 3 m thick (bed 35). Total thickness of the Isphara is about 30 m (beds 33-35 in fig. 7 ). Presence of montmorillonite and conditions favorable for radiolaria are suggestive of volcanic activity during the Isphara stage.
The Khanabad stage (Khn) is lower Oligocene. It is almost entirely green clay and is 30 to 40 m thick (beds 36-37 of fig. 7 ). Four horizons within it contain limy concretions.
The Sumsar stage (Sms) of the middle Oligocene has a thin marl bed (0.3 m) at its base, which is in sharp contact with the underlying Khanabad clays. The marl passes upward into clay and this in turn into clayey sand (beds 38-40 in fig. 7) . Thickness of the Sumsar is 13 to 16 m. This stage is commercially oil-gas bearing.
The sea that covered the region of the Fergana depression during the Paleogene retreated after the middle Oligocene as the region passed from a platform stage to an erogenic stage (Nalivkin, 1973, p. 571) . Except for some gypsum deposited in the middle Turkestan stage, the study area was one of marine deposition during the entire Paleogene. After middle Oligocene, however, there was no marine deposition. Total thickness of the Paleogene section ranges from less than 100 m on the borders of the basin to more than 700 m in its center ( fig. 9 ). 
Neogene
Tectonic movements associated with the Alpine orogeny during the Neogene resulted in high mountains on the margins of the Fergana depression. Thick continental deposits shed from these mountains accumulated in the depression to form what is called the Cenozoic molasse. Its composition is variable, and it is almost completely devoid of faunal remains. Two stages are present: the Massaget and the Baktria (Khodzhayev and others, 1973, p. 17-18) .
At the base of the Neogene is the Massaget stage, which consists of the "brick-red" and "pale-pink" formations. The brick-red formation is an interlayered clay and sandy unit. The clay beds are brick-red, chocolate red, red-brown and tan; they contain beds of sandstone, siltstone, and gravel. The pale-pink formation consists mainly of beds of sandstone and clay and some beds of siltstone. Total thickness of the Massaget ranges from a few hundred meters on the borders of the basin to more than 4000 m in the center (fig. 10 ).
The Baktria Stage is composed of gray and brown sand and clay beds. Gravel and conglomerate predominate along the periphery of the depression. Thickness increases from a few hundred meters on the margins of the basin to 4,000 m in the center ( fig. 11 ).
Quaternary
Quaternary sediments are present in the central part of the depression where their thickness is up to 500 m.
STRUCTURE Introduction
The Fergana region has passed through three tectonic stages. The first was a geosynclinal stage, which lasted throughout the Paleozoic and culminated with the late Hercynian orogeny in Late Permian time. The second was a platform stage that prevailed from early in the Triassic through middle Oligocene time. The third was an erogenic stage, which began in the late Oligocene and is still in progress.
Geosynclinal Stage
The sediments that were deposited in the Paleozoic geosyncline are now part of the Tian-Shan Hercynide fold system, which extends a distance of about 2,500 km from the Gobi Desert on the east to central Uzbekistan on the west. In the Fergana region the mountain chain is split by a Caledonide terrane into two belts, the northern and southern Hercynides (Sinitsyn and Sinitsyn, 1958, p. 3) . The study area is within the southern Hercynides, which here compose the Alay Mountains and the Karachatyr zone ( fig. 12 ). All folding is late Hercynian (Permian) in age; Caledonide activity was farther north.
The Hercynian orogeny produced tight folds and high-angle faults (fig. 13) is approximate location of this cross section.
these are separated by synclinoria ( fig. 13 ). Each of these major structures is bounded by faults ( fig. 13 ). The Karachatyr synclinorium is referred to as allochthonous by Nikonorov (1980, p. 65) . He describes four thrust sheets in the area; these are not indicated on fig. 13 and appear to have been recognized only recently (Zubtsov and others, 1974, p. 1154) .
Several granitic plutons were emplaced in the Late Permian. These are discordant to the fold structure ( fig. 13 ).
Ultrabasic rocks are present along the Sarykanysh fault (figs. 14 and 18). These rocks are Silurian or older and appear to have been emplaced tectonically into their present structural position during the Hercynian orogeny.
A lack of medium-and high-rank metamorphism and also the cross-cutting relationship of the granite plutons suggest that the upper level of the Hercynian fold system is exposed here in the Alay Mountains.
Platform Stage
Following the Late Permain Hercynian orogeny, the study area became part of a large cratonal mass (Pangea) that included most of the continental area of the Earth at that time. During the Triassic, the region was emergent and subject to erosion. Beginning with the Jurassic, however, the northern part of the study area subsided and was inundated by an epicontinental sea, which occupied the area almost continuously until the end of the middle Oligocene time.
The area of the present Alay Mountains was on an island in this epicontinental sea; however, this was not a mountainous area because it does not appear to have been a source for coarse elastics. The high elevations of the Alay Mountains came later in association with the Alpine orogeny. Open ocean lay to the south of the Alay island. A marine basin coincided generally with the present Fergana Valley, and the main source area for sediment was the Kazakh Plateau to the north.
Movement took place along high-angle faults during the platform stage. Some of these faults were reactivated Paleozoic faults, whereas others had their first movement during the Cenozoic and Paleogene. The Jurassic and Cretaceous rocks are in places strongly warped, but nowhere did compressional plicative deformation take place.
The platform stage ended when the area became involved in the Alpine orogeny beginning in late Oligocene time.
Orogenic Stage
The onset of the Alpine orogeny in late Oligocene time led to uplift of the Alay Mountains to their present lofty position and relative subsidence of the Fergana Valley as a graben. High-angle reverse faults characterize the border zones of the graben (figs. 14 and 21). The Valley is 300 km long and as much as 175 km wide. The trend of the faults along the border zones is in general parallel to trends in the folded Hercynide basement, and the total vertical displacement in these zones is as much as 8 km. The North Fergana fault zone, about 150 km north of the South Fergana fault, forms a relatively sharp boundary between the graben lowlands with its Neogene fill on the south and the Paleozoic Hercynides of the north uplands. The horizontal (southward overthrust) component of some of the reverse faults is not less than 4 km (Gotfrid and Puchkov, 1980, p. 4) .
The South Fergana fault zone bounds the Fergana graben on the south (fig. 14) ; however, this fault zone lies within the topographic valley. In the western part of the study area the South Fergana fault zone trends east-west and is about 50 km north of the base of the Alay Mountains. At approximately long. 71° 40' E, however, this fault zone changes direction from east-west to N 40° E and extends hence northeastward further into the topographic valley. Another fault, the Sarykamysh, which dates from the Paleozoic, extends along the north base of the Alay Mountains (fig. 14) . The South Fergana fault zone is only a Cenozoic feature, whereas the Sarykamysh fault was active in both Paleozoic and Cenozoic times. The principal faults of the study area are manifest as lineaments on satellite images (Trifonov and others, 1975, p. 359) .
The high elevation of the Alay Mountains appears not to be related directly to the development of the Fergana graben. The faults along which the Alays were raised are to the south of the border fault of the graben. The raising of the Alays appears to be related to subduction along the Indus suture where the Indian subcontinent has been juxtaposed onto the Asian land mass. At the eastern end of the Indus subduction zone, fault plane solutions for earthquakes and their aftershocks show both underthrusting and shearing movements (Shirokova, 1979, p. 714) . The high elevations of the Alays appear to have been raised due to Alpine orogenic underthrusting (subduction). The cause of the subsidence of the Fergana graben is unclear. Any explanation must account for the reverse movement along its border faults, indicating that the Alpine orogenic processes at this node are still active.
URANIUM DEPOSITS Introduction
Geologic conditions in the Fergana region were favorable for formation of uranium deposits. Possible source rocks in the folded Paleozoic orogen were Silurian carbonaceous shales and the upper Paleozoic granites. Reducing environments conducive to uranium deposition were present in Jurassic browncoal, plant-bearing sandstones of the entire Mesozoic and Cenozoic sections, oil fields of the Jurassic-Oligocene section, and bitumen deposits associated with fault zones. The abundant mercury deposits of the region seem not to be associated with uranium mineralization.
Potential Uraniferous Coal
Jurassic sediments extend from surface outcrops along the southern margin of the Fergana depression across the depression beneath Cretaceous and Cenozoic deposits to crop out again in places along the northern border. No coal is present in the central part of the depression because deep-water conditions of deposition prevailed. Where Jurassic coal is present along the periphery of the depression, it is an exploration target only where it is within 1,000 m of the surface. Within the study area about 1,800 sq km are shown by Kuznetsov (1968, pi. 3) to be underlain by prospective coal-bearing Jurassic at less than 1,000 m depth.
Thickness of the Jurassic in the study area ranges from 115 m in the Shuran coal field to 60 to 600 m in the Kyzyl-Kiya field ( fig. 15) (Kuznetsov, 1968, p. 306 and 311) . Breslov and Dorokhin (1935, p. 48) show an average thickness of about 125 m. Thickness of the coal seams ranges from 1.75 to 2.90 m for the main seam at Shuran to 16.4 m of pure coal at Almalyk (fig. 15 ). In the greater Kyzyl-Kiya area, which includes the Yatan, Almalyk, and Abshir fields, there are from 1 to 23 coal seams present. These range from 0.1 to 14 m in thickness.
The six oil pay zones (sandstone) in the Jurassic sediments of the Fergana depression are hydrodynamically connected and are in turn sealed off from the overlying Lower Cretaceous. The shift of oil pools off structure due to movement of formation waters (Semashev and Podgornov, 1979, p. 18-24) suggests that these waters are actively moving at the present time. Formation waters moving through the hydrodynamically connected Jurassic sediments could have been in pervasive contact with the brown coal within these beds. Where conditions were sufficiently reducing, uranium carried by these waters could have been precipitated, possibly either as roll-front deposits in the sandstones or by contact with brown coal.
No reference to uranium deposits associated with the brown coal fields of Fergana has been found in the literature. The location of the example illustrated in figure 16 is not given, but it may be from the Fergana depression. Mining of brown coal (lignite) associated uranium might well be masked as coal mining.
Total reserves of brown coal for the Kyzyl-Kiya group of fields are estimated at 2,145,000,000 tons. Reserves for the Shurab group, which includes Shuran in the west-central part of the study area, are estimated at 1,507,200,000 tons (Kuznetsov, 1968, p. 192) . These brown coals are being actively mined.
Possible Oil-Field-Related Uranium Deposits Oil itself carries no uranium; however, reducing conditions in the vicinity of oil pools may have caused uranium to be deposited. Germanov (1960, p. 77 ) describes a uranium deposit, which is possible even in the Fergana depression, that occurs within a pay zone marginal to the pools ( fig. 17) . Biochemical oxidation of the oil produced C02 and I^S, which along with the organic matter of the oil produced a reducing environment favorable for precipitation of uranium.
More than 35 oil and gas fields had been discovered in the Fergana depression by 1977 (Tulyaganov, 1977, p. 399) . These are on small anticlines in Paleogene, Cretaceous, and Jurassic clastic reservoir rocks. Artesian systems within the basin may very well have produced reducing environments around some of these deposits similar to that shown in figure 17 , and uranium deposits may have developed in some of these environments. 
Uraniferous-Bitumen Deposits
Shows of bitumen and oil have been found in Paleozoic rocks along the margins of the Fergana Valley, and some of them may be uranium-bearing. Ryzhkov and others (1964, p. 96) show 21 such occurrences and on the basis of their naphthenic-aromatic composition suggest that they formed during the Paleozoic and are not related to the Mesozoic and Cenozoic oils of the Fergana graben.
In the study area, the bitumen and oil shows in the Paleozoics are associated with the Sarykamysh fault (symbol C in fig. 18 ). Mesozoic and lower Cenozoic sediments, which are oil-bearing immediately to the north, are either truncated or cut by this fault. The reverse nature of the fault has brought Paleozoic rocks to positions directly above the oil-bearing Mesozoic and Cenozoic beds. Consequently, it seems likely that the bitumen and oils that occur along the fault are the result of migration of oil from the Mesozoic and Cenozoic deposits. Here along the fault volatiles escaped, converting much of the oil to bitumen. If the oil and bitumen in the Paleozic rocks were of Paleozoic origin, they would also be expected to the south of the Sarykamysk fault along other of the numerous faults that cut the Paleozoics, but they are not. The amount of the mineral wax kerite is estimated as 1 million tons at Madygen, which lies on the Sarykamysh fault to the west of the study area ( fig. 18 ).
Without naming specific localities, a genetic association of uranium with bitumen is suggested by Perel'man (1978, p. 201) : "This deposit, as well as other uranium-bitumen deposits, is in an oil-gas region in an activated part of a platform associated with a tectonic zone of weakness with numerous faults and highs. It is thought that the uranium entered from below along with reducing solutions and bitumen. The waters were possibly thermal." The geologic conditions described here fit the study area in the Fergana region exactly. Uspenskii and others (1973, p. 466-474) describe uranium mineralization which also appears to be in the study area or nearby along strike. The mineral wax kerite, common in the Fergana area, is mentioned prominently. They believe, however, that the actual occurrence of the uranium mineralization in association with the bitumens is fortuitous, that it is due to the existence of common paths of migration for the uranium-bearing solutions and the hydrocarbon-bearing fluids.
The wide distribution of bitumen deposits along the margins of the Fergana Valley and the general conditions favorable for migration of uranium in solution in the ground waters of the region provide ideal conditions for uranium to be deposited in the reducing environment afforded by the bitumen.
If the Madygen deposit with its million tons of kerite is typical, as it appears to be, then the chances are good that at least one of these 21 similar deposits in the area carries significant uranium mineralization. The two uranium-bearing bitumen deposits mentioned above appear to be different localities; consequently, there may be at least two such deposits in the Fergana region, but not necessarily in the study area itself. fig. 19 ). The mercury is present as cinnabar in association with stibnite along steep east-west trending faults. Although the deposits are scattered, they tend to cluster along east-west trends.
The Ulug-Tau cinnabar deposits of the Karachatyr region ( fig. 20) are of particular interest in that the Tyuya-Muyun uranium deposit occurs among them. Descriptions of the Fergana mercury deposits by Shcherbakov (1926a, p. 153-156, 192a, p. 157-160) make no mention of uranium. These works were published long before information on uranium deposits in the U.S.S.R. became restricted, and if any uranium were associated with the mercury, Shcherbakov would have mentioned it. Consequently, the occurrence of the Tyuya-Muyun uranium deposits within the area of the Ulug-Tau mercury belt appears to be fortuitous.
Carnotite-Bearing Sandstone
Writing before the "Atomic Era," Popov (1939, p. 32-39) states that within the "continental Cenozoic molasse in Northern Fergana there is a quite extensive, although discontinuous occurrence of ore-bearing sandstone. These deposits are said to duplicate almost completely the carnotite sandstone of Colorado and Utah." According to Nininger (1954, p. 67) these deposits occur within an area of 2,500 km^ around Kokand and Fergana.
The Uygur-Say or Atbash deposit (41° 02' N, 71° 12' E) is the only occurrence within this ore trend for which a description is available (Popov, 1939, p. 37-39; Bain, 1950, p. 312; Nininger, 1954, p. 67) . The uranium deposits are in greenish-gray Neogene arkose, which is 5.7 to 8.5 m thick and extends laterally for more than 7 km.
The mineralization took place where south-flowing streams off the mountains on the north intersected the main west-flowing stream that drained the Fergana Valley. The richest uranium deposits extend along the direction of transport, especially in places of calm flow where plants could have grown and their remains collected (Popov, 1939, p. 32-39) .
The initial phase of uranium deposition is thought by Popov to have occurred simultaneously with sedimentation of the host alluvial sandstone beds overlying lacustrine clay beds; dispersed uranium minerals are present within both these rock types. Uranium and radium were carried in solutions and precipitated at sites of occurrence of carbonized plant remains.
The modern ore bodies were formed during a second phase of ore deposition by circulating subsurface waters. Ore minerals are concentrated as lenses on the flanks of structures or in structural sags as well as at the base of the weathered zone. Other ore bodies are "nest like" lenses that have a spotty distribution; these are associated with concentrations of plant remains or along surfaces of intraformational erosion ( fig. 21 ).
The uranium minerals consist of cryptocrystalline bright yellow, greenish yellow, and brownish yellow vanadates that coat calcite cement of the sandstone as well as individual sand grains. Ferghanite, a uranium vanadate that contains neither potassium nor calcium, has been identified tentatively. Ferghanite is not a recognized mineral species, however. Carnotite and tyuyamunite are probably the predominant minerals present. The deposit is young (1.5-2 million years).
Tyuya-Muyun District
Other carnotite deposits are present in southern Fergana for more than 100 km in an east-west direction along the foothills of the Alay Mountains. The best known of these are the Tyuya-Muyun copper-uranium deposit (40° 22' N, 72° 36' E).
The Tyuya-Muyun deposits were known long ago to the Chinese, who worked them for copper (Aleksandrov, 1922, p. 415) . Operations for recovery largely of radium began in 1908 but ceased in 1914. About 1,000 tons of ore were produced during this time. Mining was resumed in 1923 and probably ceased sometime in the mid-thirties. The mineral tyuyamunite is named for this locality.
Detailed descriptions of the deposit are given in Russian with English summaries by Kirikov (1929, 65 p.) and Pavlenko (1933, p. 123-142) .
The district contains 4 uranium-vanadium-bearing barite veins, 3 copperbearing barite veins, and 30 purely barite veins. These veins occur in Carboniferous limestones in a belt about 3 km long ( fig. 20) . The veins fill solution channels in the limestone and commonly have a pipe-like structure (Kirikov, 1929, p. 63) . According to Aleksandrov (1922, p. 145) , the ore occurs largely as stalactitic forms on the walls of caves in the limestone. The ore minerals include tyuyamunite (calcium uranovanadate), volborthite (calcium-copper vanadate), turanite (copper vanadate), malachite, and radiumbearing barite. Roush (1925, p. 640) reports discovery of 43 new veins of radioactive barite and copper-barite ore in this district.
